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Since its founding, NASA has been dedicated to the 
advancement of aeronautics and space science. The 
NASA scientific and technical information (STI) 
program plays a key part in helping NASA maintain 
this important role. 
 
The NASA STI program operates under the 
auspices of the Agency Chief Information Officer. 
It collects, organizes, provides for archiving, and 
disseminates NASA’s STI. The NASA STI 
program provides access to the NASA Aeronautics 
and Space Database and its public interface, the 
NASA Technical Report Server, thus providing one 
of the largest collections of aeronautical and space 
science STI in the world. Results are published in 
both non-NASA channels and by NASA in the 
NASA STI Report Series, which includes the 
following report types: 
 
 
 TECHNICAL PUBLICATION. Reports of 
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of research that present the results of NASA 
Programs and include extensive data or 
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reference value. NASA counterpart of peer-
reviewed formal professional papers, but 
having less stringent limitations on manuscript 
length and extent of graphic presentations. 
 
 TECHNICAL MEMORANDUM. Scientific 
and technical findings that are preliminary or of 
specialized interest, e.g., quick release reports, 
working papers, and bibliographies that contain 
minimal annotation. Does not contain extensive 
analysis. 
 
 CONTRACTOR REPORT. Scientific and 
technical findings by NASA-sponsored 




 CONFERENCE PUBLICATION.  
Collected papers from scientific and 
technical conferences, symposia, seminars, 
or other meetings sponsored or co-
sponsored by NASA. 
 
 SPECIAL PUBLICATION. Scientific, 
technical, or historical information from 
NASA programs, projects, and missions, 
often concerned with subjects having 
substantial public interest. 
 
 TECHNICAL TRANSLATION.  
English-language translations of foreign 
scientific and technical material pertinent to 
NASA’s mission. 
 
Specialized services also include organizing  
and publishing research results, distributing 
specialized research announcements and feeds, 
providing information desk and personal search 
support, and enabling data exchange services. 
 
For more information about the NASA STI 
program, see the following: 
 
 Access the NASA STI program home page 
at http://www.sti.nasa.gov 
 
 E-mail your question to help@sti.nasa.gov 
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           STI Information Desk 
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           7115 Standard Drive 

















































rtunities in Civilian 
 
 Available from: 
 
NASA Center for AeroSpace Information 
7115 Standard Drive 
























































Civilian Aeronautics in the U.S. is at a crucial crossroads.  At one time and 
over an extensive period (from the ‘20’s into the ‘70’s) aeronautics was one 
of the “IT/Bio/Nano” class technology revolutions of the day with a frontier 
credo of higher/faster/farther.  Aeronautics was deemed to be so critical to 
the national well-being that it became one of the very few industrial arenas 
wherein fundamental, advanced and pre-competitive research was supported 
by the federal government (others include National Defense,  
pharmaceuticals and agriculture).  Many studies exist justifying this special 
status, as it is, understandably, under continuous scrutiny.  Today and into 
the foreseeable future aeronautics is beset with a wide spectrum of problems 
which the IT, Nano and other ongoing and nascent technological revolutions 
will both potentially aggravate these problems and enable truly 
Revolutionary “solution spaces.”  This treatise will examine and comment 
on both the prospective problem and potential solution spectrum/ spaces 
going forward. 
  It is interesting to note that many of the various Aeronautical goals 
addressed in this report are called out in Ref. 59, the 2010 update to the U.S. 
National Aeronautics R&D plan from the National Science and Technology 
Council. These include an advanced ATC system enabling UAS in the NAS, 
increased L/D and innovative Structural Concepts, and decreasing 
Aeronautical Environmental impacts, among many others.  The concepts 
addressed in the present report, individually and/or combinatorially are in 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































		Wave	Drag	Reduction	‐	The “usual” (linear theory engendered) 
approaches to wave drag reduction (WDR) include wing sweep, area 
ruling and reduced thickness as well as wing twist/camber/warp. More 
recently Computational Fluid Dynamics (CFD)/nonlinear methods have 
been applied, resulting in further optimization(s).  Classical non-linear 
WDR techniques include use of nose spikes (either physical or via 
forward projection of energy, gases, liquids or particulates) to extend 
effective body length – particularly useful on blunt nosed bodies , and 
base blunting which reduces the strength of the base recompression shock 
. 
   All of the WDR methods mentioned thus far involve weakening the 
shock.  There is another whole class of approaches which utilize 
favorable shock interference. The fundamental approach is simplex in 
concept – utilize shock waves, via reflection/interaction, to create 
favorable interference either for body thrust or lift, or both.  Generally 
volume distributions are utilized to synergistically create lift and lift 
distributions are utilized to cancel volume drag.  Realizations of 
favorable interference include ring wings and the related parasol wings, 
multiple bodies (fuselages, control surfaces, wing pods) and propulsion 
33	
	
system interaction. For nonlifting bodies a ring wing can cancel, at 
design Mach Number, the volume wave drag of the body a la the 
“Busemann Biplane,” at the expense of increased wetted area/weight etc.  
For the lifting case the Parasol wing provides both partial cancellation of 
the body/nacelle volume wave drag and an efficient lifting surface. 
   The application of favorable interference would be facilitated by flow 
separation control and active controls. Various experimental evaluations 
of favorable wave interference have resulted in far less than the expected 
inviscid performance levels due to the detuning and drag associated with 
flow separation caused by the concomitant shock wave-boundary layer 
interactions.  The plethora of flow separation approaches currently 
extant, if employed at CRUISE conditions, should enable nearly inviscid 
performance levels.  One such approach is use of passive porous 
surfaces. Flow separation control utilized during cruise could also greatly 
increase the percentage of lift carried on the upper surface as expansion 
waves-as opposed to the lower surface/(shock) wave rider conventional 
approach.  The use of active flow control would allow both enhanced “on 
design” and improved “off design” performance via shock locus 
tailoring.  As an order of magnitude estimate, parasol favorable 
interaction SST wings can provide order of 20 percent+ improvement in 
overall lift-to-drag ratio at cruise.  
 
	
		Drag‐Due‐to‐Lift	Reduction	‐	Classical linearized theory indicates that 
elliptical loading, increased aspect ratio/span and lower lift coefficient 
values/reduced weight are the primary approaches to vortex drag due to 
lift reduction (DDLR).  Obviously increasing aspect ratio/span beyond a 
certain point becomes inefficient overall due to structural penalties while 
decreased lift coefficient entails larger wings and both weight and wetted 
area/viscous drag increases.  The application of the extensive alternative 
solution set for vortex DDLR has been relatively sparse (except for 
winglets)  for many reasons including (depending upon the approach) 
structural weight, parasitic drag and/or power--addressable in many cases 
via creative overall aircraft configuration design  - e.g. truss braced 
wings. 
  Relaxing the assumptions of classical linear theory (closed body, no 
energy addition, planar vortex sheet etc.) provides alternative vortex 
DDLR possibilities.  In particular, use of non-planar lifting surfaces, e.g. 
distributing the lift vertically through various approaches such as 
upswept tips and multiple (vertically spaced) wings can provide sizable 
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reductions (up to order of 15 percent).  Besides non-planar tips/span there 
are several interesting “natural” observations (morphology on Avians and 
Nektons) which may relate to DDLR including serrated trailing edges, 
leading edge bumps, shark caudal fin tips and sheared tips. 
   The vortex which forms at, and downstream of, the wing tip (caused by 
the tip upwash from the high pressures on the lower surface) affects a 
smaller percentage of the wing as aspect ratio increases.  A characteristic 
feature of this vortex formation is flow which is at an angle to the free 
stream.  Devices can therefore be inserted into this flow to 
produce/recover thrust and/or energy from this tip flow.  This 
(simplistically) is the fundamental rationale behind at least four devices 
which reduce DDL.  These devices can obviously also have an influence 
upon the vortex formation process itself and thus may directly influence 
DDL.  These devices include tip turbines for energy extraction, winglets, 
vortex diffuser vanes, tip sails and a plethora of other tip devices such as 
wing grids, spheroid and c-tips.  The vortex diffuser vane is supported by 
a spar behind the wing tip to allow the vortex to concentrate before 
interception.  These devices work quite well, depending upon wing 
design and tip region loading and produce order of 5 to 15 percent 
reductions in DDL at CTOL conditions.  Major application issues for 
these include, along with the “usual” concerns stated previously, possible 
utilization as control devices. 
  The following DDLR techniques are based upon either eliminating the 
tip altogether or adding mass (and /or energy) in the tip region.  
Eliminating the physical wing tips can be accomplished either via use of 
“ring wings” or joined wings and tails.  Mass addition at/near the tip can 
be carried out either via tip blowing (local/remote passive or active 
bleed) or use of wingtip engines, resulting in sizable (up to 40 percent 
depending upon wing design) DDLR.  Passive tip blowing could possibly 
be approached via wing leading edge ingestion (allowing increased wing 
thickness) with subsequent tip blowing used to tailor for the production 
of, and modulated to excite, virulent tip vortex instabilities at 
landing/takeoff to ameliorate the wake vortex hazard.  Positioning the 
engines at the wingtip requires aerodynamic theoretical developments in 
an open thermodynamic system – as are adding energy/species as well as 
mass.  Also, the engine nacelle can function as a “tip device”. 
     There is an additional possibility for DDLR. Oscillatory span load 
distributions have been employed to reduce/obviate the wake vortex 
hazard.  This same approach could well yield interesting levels of DDLR 
and should be investigated for such. Other design options that need 
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evaluation and possible optimization for DDLR include distributed 
propulsion and circulation control of front and rear wing stagnation 
points, the latter to investigate the possibility of rotating the lift vector 
into the thrust direction. The Truss braced wing as currently conceived 
reduces DDL some 75% by the simplex expedient of doubling the span, 
enabled by the structural characteristics of the external truss, enabling a 
wholly new set of optimization parameters/ approaches. Additional 
DDLR concepts include formation flight and utilization of alternative 
sources of lift including buoyancy, and thrust vectoring. The latter begins 
to be efficacious at high supersonic speeds and is beneficial at hypersonic 
cruise. Buoyant lift typically replaces DDL with a huge increase in 
wetted area/ skin friction, producing an overall high drag with, due to the 
large sizes/ areas, undue sensitivity to “weather”. 
 
 
  Flow Control, AKA “Designer Fluid Mechanics” - Designer Fluid 
Mechanics subsumes a large number of flow control approaches and 
applications. These include Laminar Flow Control [ “Natural”/ pressure 
gradient induced at low sweep, and Forced or controlled], Mixing 
Enhancement especially for Propulsion systems components [ e.g. 
combustor, exhaust jets], Separated flow control [ especially for high lift, 
inlets, shock/boundary layer interactions], Vortex Control [ wake vortex 
hazard , Super-maneuverability], Turbulence Control [Drag Reduction, 
mixing/ combustion, sensors], Favorable Wave Interference [ Drag 
Reduction] and “Designer Fluids for internal systems. Flow Control at cruise 
to allow “Inviscid” performance optimization, smart controllers for load 
alleviation and trim drag reduction along with residual drag cleanup require 
additional study and optimization. 
   A vast number of flow control methods are available/ have been tried and 
sometimes applied. These include suction, injection, various body forces, 
surface motion[s], localized energy release, additives, surface permeability 
and heating/ cooling. Research in this arena has for some 2 decades been 
moving from passive control approaches to first active and then reactive. 
Due to systems/ applications considerations by far the bulk of the flow 
control applications have been passive devices. The now decades long 
development of smart, multi-functional materials might alter this 
conventional propensity toward passive flow control for applications. 
   Considering Laminar Flow Control, this has been under active research 
since the 1930‘s with most applications thus far being of the pressure 
gradient/ “Natural” Laminar Flow variety at relatively low Chord Reynolds 
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Number on GA aircraft. Until the 1960’s LFC was bedeviled by issues of 
insect remains and other roughness and waviness. As improved materials 
and approaches mitigated these concerns it was the relatively low fuel cost 
that prevented LFC from “buying its’ way” onto the aircraft in spite of 
numerous research flight experiments demonstrating feasibility/ 
performance. With the advent of “Peak Oil”/ increasing fuel costs and 
environmental concerns LFC is again under active consideration.  
  Another issue which has beset/ delayed the adoption/ utilization of some 
flow control devices has been facility capability shortfalls. In particular, 
except for NTF/ETW a lack of Reynolds Number to simulate the Wake 
Vortex Hazard has hampered the further development of devices/ 
approaches to mitigate such. The dissipation in the low Reynolds Number 
typical facility case causes quite different vortex behavior/ decay than in the 
high Reynolds number flight case. Also, the lack of low disturbance 
transonic facilities has been a problem not yet overcome for “certification” 
of LFC systems. 
   For [especially fuselage] turbulent drag reduction, a critical flow control 
arena once DDL and wing friction drag is minimized via LFC, the options, 
aside from relaminarization, are few currently. Obviously shorter and fatter [ 
without incurring wave drag] reduces wetted area. Riblets have been flight 
tested and can provide some ~8% reduction. For air flows, unlike water 
where bubbles and trace amounts of long chain polymers provide large 
reductions, decreasing turbulent skin friction a sizable amount is uphill both 
ways. Perhaps the best opportunity might be to attempt to somehow 
operationize the research observations that oscillatory transverse wall 
motions can reduce turbulent viscous drag in air flow up to the order of 45%. 
There are current no widely known approaches to producing such wall 
motions that make sense in the real world of applied technology, but not all 
possibilities have been studied well. Analysis of the nose extensions on bill 
fish suggest that they produce a turbulent flow at low Reynolds number 
with/ on low wetted area, thereby shifting the CD-Re number curve to a 
lower drag condition over the main body of the fish with its’ large wetted 
area. The potential benefit is not large but may be worth looking into for 











  Civilian Aeronautics is currently in an “Interesting” period with a large 
number of increasingly serious problems and little current inclination to 
break out of the evolutionary product mode it has been in now for decades. 
The current product lines do not have sufficient “margin” to address these 
emerging problems in toto. It would appear necessary to work a shift in 
product lines to ensure success going forward. Prospective shifts include 
advanced configuration Aeronautics with factors, not percentages, 
improvements in margins/ performance and development of a wholly new 
line of business – the personal air vehicle. The ongoing exponential 
IT/Bio/Nano/Energetics/Quantum Technology Revolutions are both 
changing the “competition [especially in terms of non-physical “Virtual” 
travel] and enabling the advanced platforms and business lines required to 
meet those changes/competition issues/problems going forward. There is a 
nascent energetics technology, LENR, which may, by itself, completely 
revolutionize Civilian Aeronautics as well as just about everything else. 
Over 20 years of experiments indicating heat and transmutations with only 
sub EV inputs has established reality. We are now in the understanding and 
engineering phases, with results thereof TBD. Think fully electric wholly 
emissionless aircraft with negligible fuel fraction, MUCH less weight/vortex 
hazard, massively increased range, etc…..Energy density some 1,000 to 
1,000,000 times chemical without the need for radiation protection weights. 
Structural nano tube dry weight reductions, again by factors not percentages, 
is yet another, but lesser, source of aeronautical revolutionary change.  
 
  The current Situation in Civilian Aeronautics is perhaps best typified by a 
quote from an NRC report “Aeronautics is not dead and buried, only 
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